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CIRCUIT BOARD AND A METHOD OF MAKING THE SAME 

(1) FIELD OF THE INVENTION 

[0001] The present invention relates to a circuit board and a method for 
making an electrical circuit board and, more particularly, to a method for making a 
multi-layer electrical circuit board having multiple circuit interconnections and having 
apertures which are formed through the circuit board and/or through various portions 
of the circuit board. 

(2) BACKGROUND OF THE INVENTION 

[0002] Multi-layer circuit boards contain and/or include electrical components 
which selectively and operatively populate opposed first and second surfaces (i.e., 
top and bottom surfaces) of each board (or other respective interior portions of each 
of the boards), thereby desirably allowing each of the electrical circuit boards to 
contain and/or include a relatively large amount of electrical components which 
efficiently and densely populate the respective boards. 

[0003] It is desirable to allow for communication by and between and/or 
interconnection of the component containing surfaces and/or portions of an electrical 
circuit board, thereby allowing the contained electrical components on each side of 
the board (or within certain interior portions of the board) to cooperatively and 
selectively interconnect to form one or more desired electrical circuits. This 
communication and interconnection may require the use of shared electrical ground 
planes, the transmittal of electrical power and/or control type signals between each 
of the component containing surfaces and/or the component containing board 
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portions, and/or the selective and physical connection of various contained 
components. 

[0004] This desired interconnection typically requires that one or more holes 
be drilled through each of the circuit boards, thereby creating at least one "through- 
hole" or "via" lying and/or traversing between some or all of the opposed 
components containing surfaces, and through some or all of the various component 
containing interior circuit board portions. Such drilling is undesirable since it is 
relatively time consuming, costly, potentially causes damage to significant numbers 
of the formed electrical circuit boards requiring these circuit boards to be destroyed, 
and requires costly and inefficient electroless and/or electrolytic plating of the formed 
holes or "vias". 

[0005] While some attempts have been made to minimize the need for such 
plating and drilling, such as by the use of a conductive epoxy within each of the 

drilled holes, these attempts have not produced reliable electrical interconnections 

> 

and these produced interconnections are not typically adapted to allow for 
communication of electrical power signals by and between the board surfaces and/or 
by and between the board surfaces and the interior component containing portions. 
[0006] There is therefore a need to provide a method for producing a multi- 
layer electrical circuit board which overcomes some or all of the previously 
delineated drawbacks and which selectively allows "vias" to be desirably and 
selectively formed and which further allows for the interconnection of one or more 
layers of electrical circuitry. 
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SUMMARY OF THE INVENTION 

[0007] It is a first object of the present invention to provide a method for 
producing a multi-layer electrical circuit board which overcomes some or all of the 
previously delineated drawbacks of prior multi-layer electrical circuit board forming 
methodologies and techniques. 

[0008] It is a second object of the invention to provide a method for producing 
a multi-layer electrical circuit board which overcomes some or all of the previously 
delineated drawbacks of prior multi-layer electrical circuit board forming 
methodologies and techniques and which allows for the selective, efficient, and 
reliable formation of apertures which allow for communication by and between some 
or all of the various component containing surfaces and portions of the formed multi- 
layer electrical circuit board, which selectively allow components contained within 
and/or upon these portions and surfaces to be interconnected, and which are further 
adapted to selectively and communicatively receive an electrical component and/or 
an electrical component connector portion. 

[0009] According to a first aspect of the present invention a method for 
making an electric circuit board is provided. The method includes the steps of 
providing a core member having a first surface and a second surface; forming at 
least two apertures within the core member, each of the at least two apertures 
having a respective interior surface; attaching an adhesive material to the first and 
second surfaces and within the at least two apertures; forming apertures within a 
portion of the adhesive material; and applying a certain electrically conductive 
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material to at least one of the interior surfaces, thereby forming a first pre-circuit 
assembly having at least one electroplated aperture. 

[0010] According to a second aspect of the present invention a method for 
making a multi-layer electrical circuit board is provided. The method includes the 
steps of providing a core member having a first surface and a second surface; 
forming a first aperture, having a first interior surface, within the core member, and a 
second aperture, having a second interior surface, within the core member; 
selectively applying a certain dielectric material to the first surface and the second 
surface of the core member; selectively applying a certain electrically conductive 
material to selective portions of the first and the second surfaces which are 
respectively proximate to the first and the second apertures; applying the certain 
electrically conductive material upon the first and the second interior surfaces; 
thereby forming a first pre-circuit assembly having a first surface and a second 
surface; providing an adhesive material containing several selectively formed 
apertures; selectively applying the adhesive material to certain selective portions of 
the first and second surfaces of the first pre-circuit assembly, thereby forming a 
second pre-circuit assembly having a first surface and a second surface; attaching a 
first electrically conductive member to the first surface of the second pre-circuit 
assembly and attaching a second electrically conductive member to the second 
surface of the second pre-circuit assembly; removing certain portions of the first and 
second electrically conductive member effective to cooperatively form a third and 
fourth aperture, thereby forming a third pre-circuit assembly; selectively applying a 
certain adhesive material to the third pre-circuit assembly; providing a fourth pre- 
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circuit assembly and a fifth pre-circuit assembly; and attaching the fourth and fifth 
pre-circuit assemblies to the third pre-circuit assembly, thereby forming a circuit 
assembly having a pair of electroplated apertures. 

[0011] According to a third aspect of the invention a circuit board is provided. 
The circuit board comprises a core electrically conductive member contained 
between a first layer of epoxy and a second layer of epoxy; a first electrically 
conductive member contained between a first layer of adhesive material and a 
second layer of adhesive material, the second layer of adhesive material connected 
to the first layer of epoxy; a second electrically conductive member contained 
between a third layer of adhesive material and a fourth layer of adhesive material, 
the second layer of adhesive material connected to the second layer of epoxy; a first 
pre-circuit assembly having a first central member contained between a third 
electrically conductive member and fourth electrically conductive member, the fourth 
electrically conductive member being attached to the first layer of adhesive material; 
and a second pre-circuit assembly having a second central metal member contained 
between a fifth electrically conductive member and a sixth electrically conductive 
member, the fifth electrically conductive member being attached to the fourth layer of 
adhesive material, thereby forming a circuit board assembly, the second pre-circuit 
assembly cooperating with the fourth layer of the adhesive material and the second 
electrically conductive member to form at least one stepped aperture within the 
circuit board assembly. 
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[0012] These and other objects, aspects, and advantages of the present 
invention will become apparent upon reading the following detailed description in 
combination with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Figures 1(a) - (f) are successive sectional side views of a multi-layer 
circuit board being produced and/or formed in accordance with the teachings of the 
preferred embodiment of the invention; 

[0014] Figures 2(a) - (e) are successive sectional side views of a multi-layer 
circuit board being produced and/or formed in accordance with the teachings of a 
second embodiment of the invention; 

[0015] Figure 3 is a sectional side view of a multi-layer circuit board assembly 
which is produced and/or formed in accordance with the teachings of a third 
embodiment of the invention; 

[0016] Figure 4 is a sectional side view of the circuit assembly which is 
formed in accordance with the teachings of a fourth embodiment of the invention; 
[0017] Figure 5 is a sectional side view of the circuit assembly which is 
formed in accordance with the teachings of a fifth embodiment of the invention; 
[0018] Figure 6 is a sectional side view of the circuit assembly which is 
formed in accordance with the teachings of a sixth embodiment of the invention; 
[0019] Figure 7 is a sectional side view of the circuit assembly which is 
formed in accordance with the teachings of a seventh embodiment of the invention; 
[0020] Figure 8 is a sectional side view of the circuit assembly which is 
formed in accordance with the teachings of an eighth embodiment of the invention; 
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[0021] Figure 9 is a sectional side view of the circuit assembly which is 
formed in accordance with the teachings of a ninth embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE 
INVENTION 

[0022] Referring now to Figures 1(a) - (f), there is shown a method and/or a 
process 10 for selectively forming a multi-layer electrical circuit board in accordance 
with the teachings of the preferred embodiment of the invention. Specifically, as 
shown best in Figure 1(a), the circuit board formation or creation process 10 begins 
with the acquisition and/or creation of a central or core member 12 having top 
surface 14 and bottom surface 16. In one non-limiting embodiment of the invention, 
core member 12 is electrically conductive and generally rectangular in shape. In this 
non-limiting embodiment, core member 12 comprises a copper strip or a 
metallic/electrically conductive foil. Further, core member 12 is etched, drilled, or 
punched in a known manner, Effective to produce and/or from apertures 18, 20 and 
to concomitantly expose interior surfaces 21, 23 of member 12 within respective 
apertures 18, 20. Further more a layer of a first dielectric material 22 is selectively 
applied upon certain portions of top surface 14, and the bottom surface 16, effective 
to allow certain respective portions 26 of surface 14, 16 to remain exposed and to 
further allow other portions of surfaces 14, 16 respectively proximate to apertures 18 
or 20 to also remain exposed. A second dielectric material 24 is selectively placed 
upon those exposed portions of surfaces 14, 16 which are respectively proximate to 
apertures 18, 20 and upon surfaces 21, 23 which are respectively resident within 
apertures 18, 20, thereby forming pre-circuit assembly 28. In one non-limiting 
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embodiment of the invention, material 24 is a conventional punching process or by 
other known and conventional methods and/or processes. It should be realized that 
apertures 104, 106, and 120 are respectively formed and/or drilled and extend 
through the material 92 residing within the previously formed apertures 88, 90, and 
91. 

[0023] As further illustrated in Figure 2(c), apertures 104, 106 are 
electroplated by a known and conventional electroplating process, effective to apply 
a layer of electrically conductive material 108 to cover those portions of core 
member 82, adhesive material 92, and members 94, 96 which respectively and 
cooperatively form the interior surfaces 110, 112 of apertures 104, 106, thereby 
forming pre-circuit assembly 114. 

[0024] The process 80 continues, as best shown in Figure 2(d), by providing a 
pair of adhesive layers 116, 119. Adhesive material 116 is selectively applied, 
connected, and/or coupled to the "top" surface of a pre-circuit assembly 114, and is 
effective to substantially "cover" the interior surface 147 of aperture 120 and to "fill' 
apertures 111, 113. Adhesive material 119 is selectively applied, connected, and/or 
coupled to the "bottom" surface of pre-circuit assembly 114, and is effective to 
substantially "fill" apertures 115, 117. In a further non-limiting embodiment of the 
invention, adhesive material layers 116, 119 are applied by a known and 
conventional and commercially available dielectric material. 
[0025] The second step of process 10, as shown best in Figure 1(b), requires 
that a pair of layers 11, 13 of a certain commercially available dielectric adhesive 
material 30 are provided. Layers 11, 13 are each punched and/or drilled in a 
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manner which is effective to produce apertures 32, 34, 36, within layer 11, and 
apertures 38, 40, and 42 within layer 13. While the preferred embodiment of the^ 
invention selectively utilizes dielectric material 22 upon member 12, in other non- 
limiting embodiments of the invention, the use of material 22 may be obviated by 
applying the adhesive material 30 directly upon those portions of the surfaces 14, 16 
of member 12 which do not contain dielectric material 24. 

[0026] In the third step of process 10, as best shown in Figure 1(c), the 
adhesive material layers 11, 13 are selectively attached, connected, or applied to 
pre-circuit assembly 28. Particularly, layer 11 is applied to materials 22 and 24 
resident upon surface 14 while layer 13 is applied to material 22 and 24 resident 
upon surface 16. Apertures 32, 38 communicate with aperture 18 and apertures 36, 
42 communicate with aperture 20 (e.g., the placement of layers 11, 13 upon pre- 
circuit assembly 28 allows apertures 18, 20 to selectively "grow" or extend through 
the layers 11, 13). Furthermore, apertures 34, 40 respectively terminate upon 
portions 26 of surface 14, 16, thereby allowing surface portions 26 to remain 
exposed after layers 1 1 , 13 are placed on pre-circuit assembly 28 (i.e., no material is 
directly coupled to these portions 26). 

[0027] As further illustrated in Figure 1(c), a pair of electrically conductive 
members or layers 44, 46 are respectively attached, coupled, and/or connected to 
layers 11, 13, effective to cooperatively "cover" or overlay apertures 18, 20, thereby 
forming pre-circuit assembly 48. In one non-limiting embodiment of the invention, 
layers or members 44, 46 each comprise a conventional and commercially available 
copper material. In a further non-limiting embodiment of the invention, electrically 
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conductive members 44, 46 are respectively attached to the adhesive material 30 by 
a known and conventional laminating process. 

[0028] In the fourth step of process 10, as shown best in Figure 1(d), 
members 44, 46 are subjected to a conventional image printing process, whereby 
only certain selective portions of members 44, 46 are allowed to remain exposed. 
Further, process 10 continues by selectively applying a certain etchant material (i.e., 
a copper etchant) to those exposed portions of members 44, 46 (i.e., the portions of 
member 44 respectively residing above apertures 18 and 20 remain exposed as 
does the portion of the member 46 respectively overlaying or residing above 
aperture 20). The selective application of this etchant material allows the 
respectively exposed portions of member 44, 46 to be selectively removed or 
"etched away M , thereby allowing apertures 18, 20 to be selectively expanded, 
lengthened, or grown. Particularly, by etching member 44, 46, aperture 18 is made 
to extend through member 44 while terminating upon member 46. Concomitantly, 
aperture 20 is expanded, lengthened, or grown through the entire formed pre-circuit 
assembly 59. Furthermore, the selective etching of members 44, 46 causes 
apertures 34, 40 to be selectively and respectively extended through members 44, 
46 of the formed pre-circuit assembly 59. 

[0029] The fifth step of process 10, as shown best in Figure 1(e), requires the 
use of two pre-circuit assemblies 60, 62. Each pre-circuit assembly 60, 62 
respectively contains a core portion 64, 66. In one non-limiting embodiment of the 
invention, core portions 64, 66 each comprise a conventional and commercially 
available aluminum material. Pre-circuit assemblies 60, 62 further respectively 
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contain several electrically conductive portions 68, 70 which are respectively 
attached to the "top" of core portions 64, 66 and several electrically conductive 
portions 72, 74 which are respectively attached to the "bottom" of core portions 64, 
66. 

[0030] Pre-circuit assemblies 60, 62 are selectively attached to pre-circuit 
assembly 59 by use of a pair of dielectric adhesive layers 31, 33. As shown, layer 
31 engages member 44 and cooperates with layer 1 1 to cover the portion of the 
member 44 resident within the aperture 18 and to cover the portion of the member 
44 resident within the aperture 20. In a similar manner, layer 33 engages member 
46 and cooperates with the layer 13 to cover the portion of the member 46 resident 
within the aperture 20. 

[0031] As further illustrated in Figure 1(e), a certain etchant material (i.e:, an 
aluminum etchant) is selectively applied to certain portions of core members 64, 66 
which remained exposed (i.e., those portions of core members 64, 66 which were 
not respectively covered by electrically conductive portions 68, 74), effective to 
selectively remove or "etch away" certain selective portions of core members 64, 66, 
thereby forming a circuit board assembly 76. 

[0032] The selective etching of core members 64, 66 allows the formed 
apertures 18, 20, 34, 40 to be selectively lengthened or grown. Further, portions 72 
extend over and within respective apertures 18, 20, member 46 extends within 
aperture 40, and member 44 extends within aperture 34. It should be appreciated 
that the formed apertures 18, 20, 34, and 40 are each "blind" type apertures (e.g., 
only one end of the formed aperture is exposed or "open"). Further, each aperture 
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18, 20, 34, and 40 selectively forms a connection "port" or "via" through or in which 
various circuit board portions, devices, connectors and/or connector assemblies may 
be placed and secured in a desired fashion, such as by a conventional soldering 
process, which is more fully delineated below. These apertures 18, 20, 34 and 40 
electrically interconnect to certain circuit pathways which may be selectively formed 
throughout circuit board assembly 76 and which cooperatively allow for a variety of 
desired circuit board and/or electrical component connection strategies to be 
achieved. It should be appreciated that portions 72, which extend over apertures 18 
and 20, engage electrically conductive material which is placed within these 
respective apertures 1 8, 20 and provide or increase the surface area which contacts 
the material, thereby allowing the material to be securely fixed within these 
respective apertures 18, 20, while the extended portions of members 44, 46 provide 
similar function within respective apertures 34, 40. 

[0033] In the sixth step of process 10, as shown best in Figure 1(f), a certain 
electrically conductive material 75 is selectively and insertably placed within each of 
the apertures 18, 20, 34 and 40, thereby "filling" apertures 18, 20, 34 and 40, and 
forming pre-circuit assembly 77. In one non-limiting embodiment of the invention, 
material 75 comprises a conventional and commercially available solder material 
and is applied to and/or within apertures 18, 20, 34, and 40 in a known and 
conventional manner. In this manner, material 75 allows conductive members or 
layer 68, 70 and 72 to be physically and electrically interconnected. 
[0034] Referring now to Figures 2(a) - 2(f), there is shown a process or 
method 80 for forming a multi-layer circuit assembly in accordance with the 
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teachings of a second embodiment of the present invention. Process 80 begins, as 
shown best in Figure 2(a), by providing an electrically conductive member 82 having 
first or top surface 84 and second or bottom surface 86. In one non-limiting 
embodiment of the invention, member 82 comprises a conventional and 
commercially available copper material. 

[0035] As further illustrated in Figure 2(a), apertures 88, 90, and 91 are 
formed by drilling member 82 in a conventional manner. However, in other non- 
limiting embodiments of the invention, apertures 88, 90, and 91 may be formed by 
other known and conventional methods, such as punching or selective etching. In 
the preferred embodiment of the invention, apertures 88, 90, and 91 are of different 
sizes. However, in other non-limiting embodiments of the invention, apertures 88, 
90, 91 may each be of a substantially similar size and shape and may each be of a 
size and shape which is dissimilar from that which is shown in Figure 2(a). 
[0036] In the second step of process 80, which is shown best in Figure 2(b), a 
conventional and commercially available adhesive material 92 is provided. Material 
92 is selectively applied to both the top surface 84 of member 82 and the bottom 
surface 86 of member 82 and concomitantly fills or resides within apertures 88, 90, 
and 91. In one non-limiting embodiment, adhesive material 92 is applied to member 
12 by a known conventional laminating process. In a further non-limiting 
embodiment, adhesive material 92 comprises a conventional and commercially 
available dielectric material. 

[0037] Process 10 continues, as shown best in Figure 2(b), by acquiring 
and/or forming electrically conductive members 94 and 96 which are each 
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respectively attached, coupled or connected to opposite surfaces of the adhesive 
material 92. In this manner, member 94 "overlays" member 82 and member 82 
"overlays" member 96, thereby forming pre-circuit assembly 98 which has a first or 
top surface 100 and a second or bottom surface 102. 

[0038] Electrically conductive members 94, 96 each respectively include a 
pair of apertures, 111, 113; and 155, 117. In one non-limiting embodiment, 
apertures 111, 113, 115, and 117 are formed by a conventional drilling, etching, or 
punching process. In a further non-limiting embodiment of the invention, apertures 
11, 113, 115, and 117 are respectively formed within members 94, 96 before 
members 94, 96 are attached to material 92. In a further non-limiting embodiment of 
the invention, electrically conductive members 94, 96 each comprise a conventional 
and commercially available copper material. In other non-limiting embodiments of 
the invention, electrically conductive members 94, 96 are attached to adhesive 
material 92 by a conventional laminating process. Furthermore, it should be 
understood that adhesive material 92 and members 94, 96 may, in a further non- 
limiting embodiment, be applied, connected and/or coupled to member 82 in a 
conventional "one-step M process. 

[0039] In the third step of process 80, which is best shown in Figure 2(c), 
apertures 104, 106, and 120 are formed within pre-circuit assembly 98. In one non- 
limiting embodiment of the invention, apertures 104, 106, and 120 are each formed 
by a known and conventional drilling process. However, in other non-limiting 
embodiments, apertures 104, 106, and 120 are each formed by a conventional 
laminating process. As shown, adhesive layers 116, 119 are applied to pre-circuit 
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assembly 1 14 in such a manner as to cooperatively overlay both open ends of each 
of the apertures 104, 106 (i.e., to cooperatively "close" apertures 104, 106). 
[0040] Process 80 continues, as further shown in Figure 2(d), by providing a 
pair of pre-circuit assemblies 118, 124. Pre-circuit assembly 118 includes a core 
member 126 which is contained between an electrically conductive member 130 and 
an electrically conductive member 134. Pre-circuit assembly 124 includes a core 
member 128 which is contained between an electrically conductive member 132, 
and an electrically conductive member 136. In one non-limiting embodiment of the 
invention, core members 126 and 128 each comprise a conventional and 
commercially available aluminum material. In a further non-limiting embodiment of 
the invention, electrically conductive portions or members 130, 132, 134, 136 each 
comprise a conventional and commercially available copper material. ~ 
[0041] Pre-circuit assemblies 118, 124 are each respectively attached, 
connected, or coupled to adhesive layer 116, 119, thereby forming pre-circuit 
assembly 144. Particularly, pre-circuit assembly 118 is attached, connected, or 
coupled to the "top" surface 140 of adhesive material 116 by connecting the 
electrically conductive member 134 to the adhesive material 116. Pre-circuit 
assembly 124 is selectively attached, connected, or coupled to the "bottom" surface 
142 of adhesive material 119 by connecting the electrically conductive member 132 
to the surface 142. In one non-limiting embodiment of the invention, pre-circuit 
assemblies 118, 124 are each respectively attached, connected, or coupled to 
adhesive material layers 116, 119 by a known and conventional laminating process. 
It should be realized that adhesive material layers 116, 119 and pre-circuit 
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assemblies 118, 124 may be applied or connected to pre-circuit assembly 114 in a 
conventional "one-step M process, thus obviating the need to separately attach each 
layer of adhesive material 116, 119 and/or each assembly 118, 124. 
[0042] A certain etchant material (e.g., an aluminum etchant) is selectively 
applied to certain exposed portions of pre-circuit assembly 118. That is an etchant 
is applied to certain exposed portions of core member 126 (e.g., those portions of 
core metal member 126 which are not "covered 1 ' by the electrically conductive 
member 130). The application of an etchant to core member 126 removes or 
"etches away" those exposed portions of core member 126 and a portion, of member 
134 extends over aperture 120. The extended portion of member 134 allows 
electrically conductive material which may be selectively placed within aperture 120 
to engage the extended portion of member 134 and to increases the surface area 
upon which the deposited electrically conductive material may adhere to, thereby 
securely fixing the deposited material within the aperture 120. 
[0043] It should be appreciated that the formed pre-circuit assembly 144 
contains apertures 104, 106 which are electroplated and/or "coated" with electrically 
conductive material 108, and aperture 120, which is not electroplated, but which 
contains or is "coated" with adhesive materials 116, 119. Aperture 120 terminates 
upon member 132. It should further be appreciated that the formed pre-circuit 
assembly 144 may be processed in other known and conventional manners effective 
to achieve multiple desired circuit board and/or component interconnection 
strategies. 
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[0044] As shown in 2(e), the pre-circuit assembly 144 may be further 
processed in a manner which allows for a certain electrically conductive material 141 
to be placed or inserted within aperture 120, thereby forming pre-circuit assembly 
137. In one non-limiting embodiment, electrically conductive material 141 comprises 
a conventional and commercially available solder material which is placed within 
aperture 120 in a known an conventional manner Material 141 allows member 134 
to be electrically connected to member 1 32. 

[0045] As shown in Figure 9, in one non-limiting embodiment, the pre-circuit 
assembly 144, which is shown in Figure 2(d), may be alternately processed 
according to process 81 in which a certain electrically conductive material 143 is 
selectively placed within aperture 120, effective to "cover" or "coat" the interior 
surface 145, thereby forming pre-circuit assembly 139. In a further non-limiting 
embodiment of the invention, electrically conductive material 143 comprises a 
conventional and commercially available copper material which is applied within 
aperture 120 upon surface 145 by a known and conventional electroplating process, 
thereby forming a connection "port" or "via" within the formed circuit board 139 which 
is adapted to selectively receive a component, element, or device. In a further non- 
limiting embodiment of the invention, electrically conductive material 143 is 
substantially similar or identical to electrically conductive material 108. 
[0046] Referring now to Figure 3, there is shown a pre-circuit assembly 150 
which is made in accordance with the teachings of a third embodiment of the 
invention. Pre-circuit assembly 150 is formed by "building up" or sequentially adding 
various layers of certain materials to a core member 152. Particularly, epoxy layers 
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153, 154 are respectively applied to and respectively "cover" the "top" and "bottom" 
surfaces of the electrically conductive member 152. Adhesive material layers 156, 
157 are respectively applied, connected, coupled, and attached to epoxy layers 153, 

154. Electrically conductive member 158, 160 are respectively connected, coupled, 
and attached to adhesive material layers 156, 157. In one non-limiting embodiment 
of the invention, electrically conductive member 158, 160 each comprise a 
conventional and commercially available copper material. In a further non-limiting 
embodiment of the invention, electrically conductive members 158, 160 are 
respectively connected, coupled, or attached to adhesive material layers 156, 157 by 
a known and conventional laminating process. In a further non-limiting embodiment 
of the invention, electrically conductive members 158, 160 are respectively applied 
to the layers of adhesive material 156, 157 as layers 156, 157 are respectively 
applied, connected, coupled, or attached to the layers of epoxy material 153, 154 in 
a conventional "one-step" laminating process. 

[0047] Pre-circuit assemblies 162, 164 are each respectively attached, 
coupled, or connected to electrically conductive members 158, 160 by a respective 
layer of a conventional and commercially available adhesive material 166, 167. In 
one non-limiting embodiment of the invention, pre-circuit assemblies 162, 164 are 
respectively attached, coupled, or connected to adhesive material 166, 167 by a 
known and conventional laminating process. In a further embodiment of the 
invention, the adhesive material layers 166, 167 are each respectively attached, 
coupled, and connected to electrically conductive members 158, 160 in a 
conventional "one-step" laminating process. 
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[0048] Pre-circuit assemblies 162, 164 each respectively include core 
member 168, 170. Core members 168, 170 have or are coupled to a respective first 
or "top" electrically conductive member 172, 174, and a respective second or 
"bottom" electrically conductive member 176, 178. Further, pre-circuit assembly 162 
is attached to adhesive material 166 by connecting, coupling, and/or attaching 
member 176 to adhesive material 166 and pre-circuit assembly 164 is attached to 
material 167 by connecting, coupling, and/or attaching member 174 to adhesive 
material 167. 

[0049] It should be understood that pre-circuit assembly 150, as illustrated 
above, may be concomitantly processed in various desired manners, as will be more 
fully delineated below and as will be more fully illustrated in Figures 4-8, effective to 
allow multiple circuit interconnection strategies to be employed over various portions 
or regions of a formed electric circuit board assembly, while further allowing multiple 
component connection strategies to be concomitantly employed. Pre-circuit 
assembly 150 may also operatively be populated by components and utilized as a 
circuit board or assembly. 

[0050] Referring now to Figure 4, there is shown a pre-circuit assembly 180. 
Particularly, during the circuit board formation process which yields the formed 
circuit board assembly 180, certain portions of electrically conductive member 158 
are selectively removed, such as by drilling, etching, or punching, thereby creating 
notches or recesses 182, 184 within electrically conductive member 158 and further, 
allowing portion or "pad" 188 of electrically conductive member 158 to remain within 
region 186. The portion of adhesive material 166 which connects electrically 
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conductive member 158 to pre-circuit assembly 162 is removed within region 185. A 
portion of the electrically conductive member 176 is removed from within region 190, 
while the remaining portion 192 of the member 176 (e.g., that portion of member 176 
not removed) remains "suspended" within region 185 and cooperates with the 
remaining portion 188 to form a "step". As further shown in Figure 4, a portion of 
core member 168 and electrically conductive member 172 are removed, such as by 
etching, drilling, or punching, within region 185. 

[0051] It should be appreciated that the formed pre-circuit assembly 180 
includes a "stepped" aperture 191 and may be further processed in a manner which 
allows for the selective formation of desired and relatively secure connections, 
facilitating the use of a diverse number and type of interconnection and/or 
component connection strategies. In one non-limiting embodiment of the invention 
an electrically conductive material, such as a conventional solder material, may be 
placed within the "stepped" aperture 191 and electrically connects the various 
electrically conductive layers 158, 172, and 176. The applied solder material flows 
between and occupies the space between the suspended portion 192 of member 
176 and the member 188 and within the recesses 182, 184. These recesses 182, 
184 and portion 192 and member 188 thereby cooperate to engage the material 
within the aperture 191 and increase the amount of surface area, within aperture 
191, to which the material may adhere. In a further non-limiting embodiment of the 
invention, certain portions of the pre-circuit assembly 180 may be selectively 
electroplated in a known and conventional manner, thereby forming a desired circuit 
interconnection. 



20 



SUBSTITUTE SPECIFICATION 

Attorney Docket No. 10541-2155 
Visteon Disclosure No. V200-0100 

[0052] Referring now to Figure 5, there is shown a pre-circuit assembly 180. 
Particularly, during the circuit board formation process which yields the formed 
circuit board assembly 200, a certain portion of electrically conductive member 158 
is removed from within region 202 by a conventional etching, drilling or punching 
process. Adhesive material 166 and 156 are caused to engage member 158 and a 
portion of layers 166, 156 are removed from within region 204 and made to 
cooperatively enclose the exposed ends 213 of the remaining portions of member 
158. In one non-limiting embodiment, during the respective application or 
connection of adhesive layers 166 and 156 a conventional laminating process allows 
the materials to movably engage member 158 and isolate member 158 from 
aperture 207. A certain portion of the epoxy material 153 which resides within 
region 204 is removed, thereby exposing a surface area or portion 208 of the 
electrically conductive core member 152 within the region or area 204. A portion of 
the electrically conductive member 176 is removed from within the region or area 
206, while that portion 210 of the remaining member 176 (e.g., that portion of 
member 176 which is not removed) is horizontally "suspended" within region or area 
204 above core member 152 and cooperates with core member 152 to form a 
"step". A portion of the member 168 and the electrically conductive member 172 are 
removed or otherwise "etched away" by a known and conventional etching process 
from within region 202. 

[0053] It should be appreciated that the formed pre-circuit assembly 200 
includes a "stepped" aperture 207 and may be further processed in a manner which 
allows for the selective formation of desired circuit interconnection strategies and/or 
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component connection strategies. For example and without limitation, in one non- 
limiting embodiment of the invention, an electrically conductive material such as a 
conventional solder material may be selectively placed within the "stepped" aperture 
207. Particularly, the deposited material flows between and substantially fills the 
relatively larger space (i.e., extending through several layers of material) between > 
the extended portion 210 of member 176 and member 152, thereby engaging and 
electrically connecting the portion 210 and the member 152. Hence, portion 210 and 
member 152 cooperatively increase the amount of surface area, within aperture 207, 
to which the deposited material may bond. Assembly 200 may be electroplated in a 
known and conventional manner, thereby forming a desired circuit interconnection. 
[0054] Referring now to Figure 6, there is shown a pre-circuit assembly 220. 
In the circuit board formation process which yields circuit board assembly 220, a 
portion of the electrically conductive core member 152, the epoxy layers 153, 154, 
and the members 158, 160 are selectively removed by a conventional process, such 
as drilling, punching, or etching. Furthermore, certain portions of the adhesive 
material layers 156, 157 are removed, thereby forming an aperture 222. The 
remaining adhesive layer portions are disposed upon the interior surfaces 227, 229 
of members 152 and epoxy material 153, 154, effective to electrically isolate 
member 152 from aperture 222. 

[0055] Prior to the attachment of adhesive layers 166, 167 and pre-circuit 
assemblies 162, 164, a certain electrically conductive material 224 is attached 
and/or applied to the interior surface of the formed aperture 222 which is 
cooperatively formed by adhesive layers 156, 157 and members 158, 160, and to 
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certain portions of members 158, 160 proximate to the formed aperture 222. In this 
manner, aperture 222 is selectively electroplated while allowing electrically 
conductive members 158, 160 to be electrically connected to the electroplated 
aperture 222. In one non-limiting embodiment of the invention, electrically 
conductive material 224 is a conventional and commercially available copper 
material and is applied by a known and conventional electroplating process. 
[0056] It should be appreciated that the formed pre-circuit assembly 220 
includes an electroplated aperture 222 and may be further processed in a manner 
which allows for the selective formation of desired circuit connection strategies 
and/or components connection strategies. Furthermore, in one non-limiting 
embodiment of the invention, an electrically conductive material, such as a 
conventional and commercially available solder material, may be insertably placed 
within aperture 222, thereby forming a desired circuit interconnection and electrically 
connecting layers 158 and 160. 

[0057] Referring now to Figure 7, there is shown a pre-circuit assembly 230. 
In the circuit board formation process which yields the formed circuit board assembly 
230, a portion of electrically conductive member 158, adhesive material 156, and 
epoxy material 153 are each removed in a known conventional manner, such as by 
etching, punching, and/or drilling, effective to form aperture 232, prior to the 
application of pre-circuit assembly 162 and adhesive layer 166. 
[0058] A layer of electrically conductive material 234 is selectively applied 
within the formed aperture 232. Particularly, electrically conductive material 234 
"coats" or "covers" those portions of core member 152, epoxy material 153, 
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adhesive material 156, and certain portions of electrically conductive member 158 
which are located within and/or which reside within aperture 232 and a portion of the 
electrically conductive member 158 which is proximate to the formed aperture 232. 
In one non-limiting embodiment of the invention, material 234 is applied by a known 
and conventional electroplating process. 

[0059] It should be appreciated that formed pre-circuit assembly 230 includes 
an electroplated aperture 232 and may be further processed in a manner which 
allows for the selective formation of desired circuit board connection strategies 
and/or component connection strategies. Furthermore, in one non-limiting 
embodiment of the invention, an electrically conductive material, such as a 
conventional and commercially available solder material, may be insertably placed 
within aperture 232, thereby forming a desired circuit interconnection and electrically 
connecting layer or member 158 with layer or member 152. 

[0060] Referring now to Figure 8, there is shown a pre-circuit assembly 240. 
Particularly, a certain portion of epoxy material 153, adhesive materials 157, 166, 
electrically conductive members 172, 176, and core member 168 each are 
selectively removed from within the region or area 242 by a conventional process, 
such as by drilling, punching, and/or selective etching, thereby forming aperture 271 . 
Further, only a certain portion of electrically conductive member 158 is removed 
from the region or area 242, effective to allow a certain portion 246 of electrically 
conductive member 158 to remain extended or "suspended" within area or region 
242 and cooperating with core member 152 to form a "step". 
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[0061] A certain electrically conductive material 244 is selectively applied to 
the portion of core member 152 which is exposed within region or area 242 and is 
made to reside within the space between member 152 and the extended portion 246 
of member 158, thereby forming a "mound". The portion 246 and member 152 
increase the amount of surface area with which the material 244 may bond, effective 
to allow the material 244 to be securely fixed within the aperture 271 and to 
electrically connect layer or member 158 with layer or member 152. 
[0062] It should further be realized that the formed pre-circuit assemblies 180, 
200, 220, 230, and 240 may be selectively and concomitantly formed on multiple 
portions of the same circuit board assembly 150. 

[0063] It should be understood that the invention is not limited to the exact 
embodiment or construction which as been illustrated and described but that various 
changes may be made without departing from the spirit and the scope of the 
invention. 
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